Based on the basic principles of radioimmunoassay (RIA), it can be expected that by using this method, residues of anabolic sex hormones in animal tissues can be quantitated in the ng/g to pg/g range with adequate reliability. This was demonstrated for various endogenous and exogenous steroids as well as for stilbeneestrogens. Using the RIA for DES as a regulatory method allowed the successful control of the misuse of this compound in animal production, especially by examination of excreta. Also, for muscular tissue, an interlaboratory validaion study yielded acceptable results. The need for confirmatory methods is stressed.
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I ntroduction
Radioimmunoassay (RIA) techniques for the determination of compounds with a low molecular weight, like steroid hormones, have been available for the past decade. Today, millions of assays are performed every year in research and clinical chemistry laboratories. It should be noted that many important and sometimes life saving therapeutic measures are based on data derived from RIA and, recently using a similar assay technique, enzyme-immunoassay (EIA). In general, measurements are performed on body fluids, predominantly blood plasma or serum. Presently, there is no other assay technique that can compete with RIA relative to reliability (i.e., specificity, precision, accuracy, reproducability), sensitivity (quantification in the fmol range) and assay speed. This paper will discuss to what extent these assay criteria are still applicable when Paper presented at the Symposium on "Metabolic Fate of Anabolic Substances in Food Animals" at the meeting of the Amer. Soc. of Anita. Sci., Raleigh, NC, USA, on July 29, 1981. RIA is applied to the determination of residues of anabolic sex hormones in tissues and excreta of food animals.
Compounds, Metabolites and Required Assay Sensitivity
In table 1 those anabolic compounds and combinations of compounds are listed that have been used most widely or are still in use for fattening of animals in various countries and continents. A distinction has to be made between the endogenous C18-, C19-and C21-steroids (estradiol-17/3, testosterone, progesterone) and the synthetic, nonendogenous steroids trenbolone acetate (TBA), methyltestosterone, metengestrol acetate (MGA) as well as the nonsteroidal exogenous estrogens diethylstilbestrol (DES), hexestrol (HEX), dienestrol (DIEN) and zeranol.
Widely varying amounts of endogenous sex steroids occur naturally in food of animal origin (Hoffmann, 1981) in relation to sex, age and reproductive status of the animal. It has been shown (Henricks and Torrence, 1978; Hoffmann, 1978; Reid, 1980) that proper treatment of animals with endogenous sex steroids will not lead to hormone levels in the edible tissues, which at the time of slaughter would exceed the physiological range. Thus the necessity of setting tolerance levels from a toxicological point of view has not arisen.
In contrast to this situation, xenobiotic compounds should only be used in animal production, if tolerance levels or an acceptable daily intake (ADD value have been established following toxicological evaluation of the compound. This also requires studying the metabolsim and pharmacokinetics in the target animal species, which will yield information as to whether residue analysis of the parent compound (drug administered) and(or) a metabolite is suitable for drug monitoring purposes. (Hoffmann and Oettel, 1976) , only cross-reacts 15 to 20% with 17c~-trenbolone (Schopper and Hoffmann, 1981) , which later was identified as the major extractable metabolite of TBA in liver and kidney of cattle, where highest residue levels are found (Pottier et al., 1980; Schopper, 1981) . In no case is RIA or any other method that is based on the extraction of tissues with an organic solvent able to measure the covalently bound nonextractable residues, which by far exceed the extractable ones in the case of TBA (Ryan and Hoffmann, 1978; Schopper, 1981) .
Regardless of the type of residue to be measured, the reliability of a method has to be established. In this respect, most of the assay problems arising are a function of the required level of sensitivity. As outlined in table 2, an adequate method for monitoring the treatment with endogenous steroids should allow analysis of the physiological tissue concentrations, while methods for residue analysis of xenobiotics should allow a safe estimate of the tolerance levels given. If the use of a pharmacologi- cally active compound in food animals is prohibited, as it is in the case of DES in most countries, the method used for residue analysis should have the highest sensitivity possible.
Methods Available and Assay Specificity
The extent to which RIA is available for the measurement of anabolic sex hormones in edible animal tissues is summarized in table 3. Most methods have been published in detail and a review particularly dealing with the reliability has been given elsewhere (Hoffmann, 1978) . Thus, only some general remarks on assay specificity, perhaps the most important reliability criterion, will be given. When using RIA, specificity first relates to the quality of the antiserum or antibodies used. The extent to which the antibodies reflect the stereospecificity of the compounds to be measured, largely depends on the type of functional group used to couple the steroid or anabolic agent to a protein; which of course is a necessary step to induce antigenicity (Niswender and Midgley, 1970; Pdron and Caldwell, 1970) .
As is shown for 17~estradiol in figure 1, an antigen made by coupling this steroid through its 17~hydroxy-group to a protein yielded, after immunization of a rabbit, an antiserum that showed almost identical cross-reactions with 17/3-estradiol, estrone and 17a-estradiol. This type of cross-reactivity was expected, because the only structural difference between these three estrogens is their functional group at carbon 17 (17~-hydroxy; 17-keto; 17r hydroxy group), which was hindered due to the coupling (antiserum I). When using a different approach by not interfering with the structure at carbon 17 and coupling 17~-estradiol to the protein through a keto-group introduced at carbon 6, antisera can be obtained, which exhibit a distinctly lowered cross-reactivity with estrone and 17cx-estradiol (antiserum II). Consequently, it is possible to obtain highly specific antisera and even structure identification has been performed by using various antisera (Kuss et al., 1973) .
However, assay interference due to the presence of impurities may occur. This phenomenon relates to the binding kinetics of the antibodies. Apparently the problem is negatively correlated to the percentage of high affinity binding sites in the antiserum. Nevertheless, it has been experienced during the past decade, that high quality antisera also require a certain "clean up" procedure of the sample. This procedure may vary depending on the type of tissue examined and the demands on the assay sensitivity, which directly relates to the distribution of the drug within the animal. In general residues of anabolic sex hormones are lowest in muscular tissue and highest in the excreta (Hoffmann and Karg, 1976; Karg and Vogt, 1981) . For example, a similar degree of certainty in detecting a treatment with DES is obtained when the assay applied is able to detect concentrations around .02 ng/g in muscle or 5 ng/g in feces (table 4) . Also, determination of DES by R1A in concentrations of less than .1 ng/g, requires quite a lengthy "clean up" of the extract (Hoffmann and Laschiitza, 1980; Vogt, 1980) , while following a simple extraction, the impurities can more or less be diluted out, when DES ranges above 5 ng/g feces (Agthe, 1980) . It should be noted, that in both assays the absolute amounts of DES finally quantified . Cross-reactivity of antisera directed against 170-estradiol-17-hemisuccinate-BSA (I) and 17~-estradiol-6-carboxymethyl-oxime-BSA (1I) (see Hoffmann, 1978) . 
Special Experience with the RIA for the Determination of DES
Approaches to determine DES by RIA date back to the early seventies. However, in spite of the need to have an assay available as soon as possible, as was expressed by various regulatory agencies, and the money put into methoddevelopment, no substantial progress was made until 1978; at that time amethod was published anonymously in the Regulations of Meat Inspection Act 2 (Implementing Regulation A) of the Federal Republic of Germany prior to publication in a scientific journal. The fully validated method was not published before 1980 (Hoffmann and Laschiitza, 1980) . Retrospectively, it can be said that so far the most successful approach to obtain antisera against DES proved to be the use of DEScarboxypropylether (figure 2), coupled to bovine serum albumin, as an antigen (Rombauts et al., 1973; Laschiitza, 1980) . By using the same type of derivative as an antigen, antisera have also been obtained for the determination of hexestrol (Harwood et al., 1980 ) and dienestrol (A. Jouquey, unpublished data). Since 1981, 3H-DES (tracer used for RIA) and antisera against DES and hexestroI can be purchased in the form of a kit 3 .
As shown in figures 3 and 4 and table 5, the two available antisera differ markedly in their cross-reactivity between the stilbene-estrogens, while there is no difference in their existing cross-reactivity with respect to the other compounds tested. Obviously, both antisera exhibit a 100% cross-reactivity with the stilbene (DES or hexestrol) used for antigen synthesis. However, while antiserum 254 only cross-reacts 16.5 and 6.4% with hexestrol and dienestrol, respectively, antiserum 6139 cross-reacts 40 to 50% with DES and 16 to 25% with dienestrol (table 5) , 1981) . Assay conditions: dilution (1: 24,000), incubation (1 h at 37 C), separation (charcoal .2% in detain, water). DES (diethylstilbestrol), DIEN (dienestrol), P4 (progesterone), E 2 (estradiol-17~), C-on (corticosterone) and Det (detergent). ever, contrary to the RIA for the determination of DES and hexestrol, the assay for group analysis of stilbene estrogens has to be further validated and optimized. In this respect it should be noted that massive contaminations with detergent and probably other impurities interfere with the assay (figures 3 and 4) . Also the absolute binding as well as the amount of cross-reactivity exhibit some variations, depending on the time of incubation (table 5).
As indicated above, the need for an adequate method for the determination of DES-residues in edible animal tissues was expressed by various regulatory agencies, because the use of DES in animal production has been prohibited or strictly regulated in most countries. In 1981, the Commission of the European Communities banned the use of DES and other stilbene estrogens in all member states. Thus, in theory, no residues of DES can be tolerated and the methods to monitor for DES should enable implementation of this philosophy or regulation. Nevertheless, DES has been used illegally on a large scale in beef and veal production. As a result, in some European countries DES courd be detected even in baby food. As the major source of contamination, the high residue concentrations remaining at the site of application over extended periods of time have to be considered (Hoffmann and Karg, 1976; Karg and Vogt, 1981) .
This was demonstrated in our own recent experiments, which were also performed in order to provide positive and negative control samples for the regulatory agencies within the Federal Republic of Germany. The method outlined in the Regulations of Meat Inspection Act (Implementing Regulation A) of the Federal Republic of Germany (see above), requires an analysis of positive and negative tissue samples with each assay, and the field sample collected can only be estimated as DES positive if there is a significant difference between the negative control assay.
As shown in table 6, DES concentrations varied between .06 and 17 ng/g at the injection site (M. triceps brachii), while residue concentrations in the other muscle sites examined were around 70 pg/g, just above the level of detection. However, previous results (Hoffmann and Laschiitza, 1980; Harwood et al., 1980; Karg and Vogt, 1981) had distinctly higher residue levels in liver and kidney, particularly if the conjugated residues were estimated. As described elsewhere (Hoffmann and Oettel, 1976) , quantification of conjugated residues is performed by introducing enzymatic hydrolysis of the sample prior to the initial ether extraction.
From our present experiences it can be delineated that in order to achieve adequate consumer protection, residue analysis should detect the presence of such a depot at the injection site. Because the probability of sampling an injection site when examining muscular tissue is rather low, the most reliable information can be obtained by examining excreta (urine, feces, bile) . This approach has proven to be rather successful in the Federal Republic of Germany, particularly because the alnjection given into the M. triceps brachii. About 500 g of tissue were removed at slaughter and segments of 10 to 20 g were examined individually. examination of feces allowed the control of the live animal already at the production unit (Agthe et al., 1979; Agthe, 1980) . The effectiveness becomes apparent from unofficial statistics from various Veterinary Control Laboratories that show that within 1 yr following the introduction of this method, the number of veal calves identified as treated with DES dropped from approximately 40% to less than 1.0% (Hoffmann, 1982) .
Due to the export-import business of carcasses, tissue methods also have to be available and applied. As is shown for muscle in table 7, 2 yr after introduction of the RtA for DES, an inter-laboratory validation yielded quite acceptable results.
Finally, it should be stressed that confirmatory methods based on a different technique of dModified extraction procedure. measurement will be necessary. Problems in this respect particularly concern the determination of the low residue concentrations observed in muscular tissue outside the injection site. However, due to recent progress with gas chromatography-mass-spectrometry (BergnerLang and K~ichele, 1981) this gap should soon be closed.
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